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Abstract

A novel synthesis of benzghi]fluoranthenes by palladium mediated coupling is reported. The high yields, mild
reaction conditions and functional group tolerance are an advantage of this method. © 2000 Elsevier Science Ltd.
All rights reserved.

Stimulated by interest in fullerenes, the synthesis of polycyclic aromatic hydrocarbons (PAHS) has
become an active field. Bengfijilfluoranthene, a sub-unit ofCgg has been synthesized in low yield by
dehydrogenation of benzgiphenanthrené,and by flash vacuum pyrolysis of appropriate precursérs.

The major drawback of FVP is low to modest yield, the small scale involved, and the minimum functional
group tolerance. Since intramolecular palladium mediated coupling of bromides or iodides with aromatic
rings has been reportédpalladium chemistry with its mild reaction conditions and wide functional
group compatibility is an attractive route to PAHs. Rice and Cai have reported the synthesis of several
fluoranthenes and benzofluoranthenes by a palladium catalyzed intramolecular arene—triflate Toupling.
We now report an efficient synthesis of bergiu[fluoranthenes by palladium mediated intramolecular
coupling employing bromides, triflates, and chlorides as leaving groups (Scheme 1).

trans-Stilbenes 4, were prepared by the Heck reaction fr@&mand 3 in yields of 66 to 88% using
[1,1"-bis(diphenylphosphino)ferrocene]palladium(ll) chloride:CHy (1:1) [Pd(dppf)C}] as catalyst.
Although the bromide2g with an o-methoxy was much less reactive with this catalyst, the use of
trans-di-p-acetatobis[2-di-tolyphosphino)benzyl]dipalladium(ll) [palladacyl€svith higher boiling
tributylamine in DMA gavedgin 71% yield. (Table 1)

Table 2 illustrates the photolysis 4to 5 in the presence of propylene oxide and iodine in Pyrék.
though most functional groups were tolerated in the photolysis reaction, when both of OCOPh and OMe
were present irlg, the photolysis gave complex products possibly from the debenzoylation—oxidation
during the photolysié.However, using benzoxy rather than benzoate as the protecting groupgive
89% vyield.
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2a R1_0Me RZ—CHS X=I
2b: R1=OMe, R,=Cl, X=|

2¢: Ry=Br, Ry=CHg, X=I

2d: Ry=Cl, Rp=CHg, X=I

2e: R1=C|, R2=C02Me, X=I

2f: R;=OBn, Rp=CO,Me. X=OTf
2g: R;=OCOPh, Ry=OMe, X=Br

* o Y oY

6

Scheme 1.
Table 1
Formation of stilbenes by the Heck reaction

Reactants Products Conditions Yields (isolated, %)
2a 4a a 88
2b 4b a 76
2¢ 4c a 77
2d 4d a 81
2e 4e a 66
2f af a 70
2g 4g b 71

3pd(dppf)Cl, (5%), DMF, E;N, 100°C, 20 h. ®Palladacyles (5%), BusN, DMA, 140°C, 20 h.

Table 2
Formation of benza]fluoranthenes by photolysis

Reactants Products Yields (isolated, %)
4a Sa 90
4b Sb 99
4c Sc 56
4d 5d 77
4e Se 89
a4f 5f 95
4g’ 5g* 89
R, is OBn.

Triflates, 7, were obtained in excellent yield either by standard demethylation of Gilar(d5b) or
debenzylation of OBn5f and5g) followed by treatment with triflic anhydride.

Table 3 shows that the treatment of triflate or bromo begjpbEenanthrenes with
bis(triphenylphosphine)palladium(ll) chloride [Pd(RRICI>] in DMF or DMA gives 1 in excellent
yield.? Contrary to previous reports in which one or more equiv. of PRAs needed to achieve
satisfactory yields in the presence of electron-donating substittiéhtee formation oflg proceeded
well without additional PP

Table 4 demonstrates the formation of beggfluoranthenes from chloro benzjphenanthrenes.
When an electron-donating methyl group wasa to chlorine, neither Pd(PRJ»Cl» nor palladacyles
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Table 3
Palladium catalyzed intramolecular couplings from triflates and the bromide

Reactants Products Conditions Yields (isolated, %)
7a la a 92
7b 1b a 88
Sc la b 85
7t 1f a 93
g 1g a 94
*Pd(PPh;),Cl, (5-10%), DMF, DBU, LiCl, 140°C, 6h. I’Pd(I’Ph3)2C12 (5%), DMA, NaOAc, 140°C, 6 h.
Table 4

Palladium catalyzed intramolecular couplings from chlorides

Reactants “Products Conditions Yields (isolated, %)

5d 5d:1d (100:0) b
5d:1d (80:20) c

5d:1d (10:90) d 80
5d:1d (50:50) e
Se Se:1e:8e (30:40:30) b
Se:1e:8e (28:45:27) f

5e:1e:8e (0:100:0) g 79

*Product ratios determined by 'H-NMR. "Pd(PPh;),Cl, (10%), NaOAc, DMA, 140°C, 20 h. °Pd(PCy;),CL,,
DMA, NaOAc, 140°C, 20 h. “Pd(PCys),Cl,, DMA, DBU, 140°C, 10 h. *Pdy(dba); (5%), P(t-Bu); (10%),
Cs,CO;, DMA, 140°C, 20 h. ‘Palladacyles (10%), DMA, NaOAc, 140°C, 20 h. #Pd(PCys3),Cl, (10%),
DMA, NaOAc, 140°C, 12 h.

gave ring closed product, although it has been reported that palladacyles were effective for cataly-
zing aryl chloride Heck reactiorfsHowever, when bis(tricyclohexylphosphine)palladium(ll) chloride
[Pd(PCy),Cl,], a catalyst known to be effective for some palladium-catalyzed carbonylatamd

Suzuki reactions involving activated aryl chloridésyas used, about 20% of desired product was formed
when sodium acetate was used as a base. Various organic and inorganic bases were then investigated, and
we were pleased to find that the strong organic base, DBU, brought about the convebsloo bd in ca.

90% vyield. The use of tris(dibenzylideneacetone)dipalladium(0)(fdx] and P{-Bu)s as the catalyst

in DMA reduced the conversion to 50% The introduction of the electron-withdrawing carbomethoxy
groupparato chlorine greatly enhanced the reactivity of the chloride. Again, Pd{RClp, which gave

the desired product in good yield in 12 h, proved to be superior to either PgEPRbr palladacyles that

gave a three component mixture after 20 h. The effectiveness of Pgd@Tyover Pd(PP%$).Cls may

result from the higher electron density and greater steric bulk of the fdftiére formation oein the
reaction of5esuggests that the palladation of the aromatic ring with either P@jp®lh or palladacyles

is slow allowing dechlorination to occur.
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